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Investigation of Myosin II Regulatory Mechanisms in the Cellular Slime Mold, 
Dictyostelium discoideum: Generation, Selection, and Characterization of Genetic Null 
Cell Lines
Marc Mergy ’06 with Dr. K.L. Edwards
Abstract: A set of sixty-one gene-knockout mutants was generated using the REMI (restriction enzyme 
mediated integration) method and myosin dysfunction was selected on the basis of developmental attributes 
requiring myosin function in the cellular slime mold Dictyostelium discoideum.  Stable mutants will be 
characterized for myosin expression and for the gene knockout responsible for negative myosin regulation.
Introduction:
Dictyostelium discoideum provides an excellent model system for examining 
cytoskeletal protein function.  The focus here is on non-muscle myosin II, a protein similar  
to muscle myosin in dimeric heavy chain structure and a protein that binds f-actin.  Many 
cellular functions including cytokinesis, receptor capping, pseudopod extension, and the 
Dicty developmental cycle – sporangia formation lifted above a growth substrate on a 
stalk-like structure – are myosin II dependent processes (1).
Despite identification of several cellular roles for myosin II, the regulatory 
mechanisms governing myosin II activities beyond phosphorylation and dephosphorylation 
are not well understood.  By creating random gene knockouts in Dictyostelium and 
observing the resulting cellular dysfunctions, we hope to identify myosin II up-stream and 
down-stream regulatory mechanisms.
The myosin-dependent developmental cycle is the most easily visualized myosin-
dependent process in Dictyostelium (Figure 1).  It is possible to disrupt development by 
knocking out either the myosin II gene itself or a gene whose product regulates myosin 
synthesis and catabolism,  activation and deactivation, or polymerization and targeting in 
some fashion.  Mutants where myosin II is still expressed normally but is unable to 
function within the cell because it cannot, for example, localize properly or organize itself 
correctly due to a missing myosin regulator, were sought.  Dictyostelium cannot form 
sporangia and complete its life cycle with dysfunctional myosin.  Mutants were selected, 
therefore, on the basis of developmental phenotype.  Further research will identify the 
precise genetic disruptions leading to myosin dysfunction in these mutants and uncover the 
regulatory mechanisms governing myosin function.
Materials and Methods:
Mutants were generated using restriction enzyme mediated integration (REMI), as described 
previously (2).  In brief, wild-type AX2 cells were transfected with an engineered DNA plasmid that 
confers blasticidin resistance.  Mutants surviving in media with blasticidin were spread at 50cells/10cm 
plate with a bacterial lawn (Klebsiella aerogenes) on SM/5 gel plates and allowed to progress through the 
developmental cycle (3).  Potential myosin regulatory mutant plaques were selected based on 
developmental phenotype as observed using an Olympus SZH high power dissecting microscope in 
bright- or dark-field mode.  All mutants were photographed using a Nikon Coolpix 990 digital camera.
Using sterile protocol, identified mutant plaques were very carefully scraped from the plate and 
returned to media containing blasticidin in small 1.75 cm plates and allowed to grow in the dark at room 
temperature.  Mutants able to reach confluence in a 10cm plate will be placed in long and short-term 
storage states, re-characterized for development on starvation plates, and whole cell protein lysates will 
be analyzed by Western blot for myosin expression.
Results and Discussion:
In order to investigate cellular regulation of myosin II function, Dictyostelium random 
gene knockouts were generated via (REMI).  Sixty-one REMI mutants demonstrating 
myosin dysfunction have been selected.  These potential mutants were classified according 
to their specific developmental deficits:
Group 1: Dicty show evidence of streaming to a central point but failed to 
aggregate into a multi-cellular sporangium; possible mutation in myosin 
response to chemical signals directing sporangium formation (Figure 2).
Group 2: evidence of Dicty streaming and aggregation, but failure of cells to move 
beyond the mound stage of development (attainable without myosin); 
mutation in myosin’s motor function affects ability to erect sporangium 
(Figure 3).
Group 3: other abnormal development (irregular cell division and very small 
colonies), malformed developmental mounds, and aborted attempts to 
generate a sporangium, indicate potential mutation in myosin’s ability to 
direct cell division, direct movement, and direct differentiation (Figure 4).
The three mutant classes occur with relative frequncies of 11.8%, 46.5%, and 41.7%, 
respectively.  This is a ratio of 2:8:7 (Group 1: Group 2: Group 3).
One goal of this project is to identify the genes disrupted by the REMI-inserted DNA, 
and in order to complete this task, the mutants must first be fully characterized.  Cell growth 
and development – sporangium formation as well as vegetative growth rates – will be 
monitored, myosin dysfunction will be verified using a rapid azide assay (N3
-, causes cells 
with operable myosin to release from the surface on which they grow; cells without 
functional myosin remain attached in the presence of the chemical) (4, 5), and the presence 
of myosin will be directly verified by Western blot analysis.
Myosin II gene knockouts will be eliminated by Western blot analysis using a myosin 
II polyclonal antibody.  Mutants producing wild-type myosin but displaying myosin 
dysfunction due to disrupted upstream or downstream regulatory proteins (mutations at 
genomic sites other than the myosin coding gene) will be identified through Southern blot 
analysis, DNA sequence analysis, and comparison to the Dictyostelium online genome 
database (DICTYBASE).  Once the mutated gene sequence is identified, a GFP (green 
fluorescent protein) coding plasmid can be engineered and attached to the gene of interest 
and inserted into a wild-type cell.  The fluorescent GFP tag will be expressed in conjunction 
with the protein of interest, making it possible to ascertain the gene product expression  and 
its localization within the cell when myosin function is needed. Once the myosin-regulatory 
protein is known, further physiological and biochemical research can elucidate the 
mechanism of myosin regulation.
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Figure 2. Group 1 
Dictyostelium mutants. 
a) & b) Some evidence of cell 
streaming to a central point, but 
no aggregation into 
multicellular mound structures.
a)
1 mm
b)
1 mm
Figure 3. Group 2 
Dictyostelium mutant 
colonies. 
a) Evidence of cellular 
streaming but failure to 
form a complete 
mound. 
b) Incomplete mound 
formation; other 
colonies on the plate 
(not pictured) 
developed normally. 
a)
1 mm
b)
1 mm
Figure 4. Group 3 
Dictyostelium mutant 
colonies. 
a) Dicty colony 
demonstrating several 
aborted attempts to form 
sporangia; note attempted 
sporangia are unusually 
small.
b) Irregular cell division 
resulting in an abnormally 
shaped plaque. 
a)
1 mm
b)
1 mm
Figure 1.  The Dictyostelium developmental cycle under starvation conditions. 
a) Cells stream towards a central location and aggregate into a mound. b) A 
“slug” forms and moves towards a source of light. c) The cells collect into the 
mound II stage.  At this point, cells are differentiated as stalk and spore cells. d)
The sporangium moves up within the stalk, above the substrate. e) When the 
sporangium reaches the top of the stalk, spores can be released and the 
remaining cells in the colony die.
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